Background: Nephrotic syndrome (NS) is one of the most frequent occurring chronic kidney diseases in childhood, despite its rarely occurrence in the general population. Detailed information about clinical data of NS (e.g. average length of stay, complications) as well as of secondary nephrotic syndrome (SNS) is not well known. Methods: A nationwide ESPED follow-up study presenting the clinical course and management of children with NS in Germany. Results: In course of 2 years, 347 children developed the first onset of NS, hereof 326 patients (93.9%) had a primary NS, and 19 patients had a SNS (missing data in 2 cases), the majority due to a Henoch-Schönlein Purpura. Patients with steroid-resistant NS (SRNS) stayed significantly longer in hospital than children with steroid-sensitive NS (25.2 vs. 13.3 d, p < 0.001). Patients with bacterial/viral infections stayed longer in hospital (24.9 d/19.5d) than children without an infection (14.2 d/14.9 d; p < 0.001; p = 0.016). Additionally, children with urinary tract infections (UTI) (p < 0,001), arterial hypertension (AH) (p < 0.001) and acute renal failure (ARF) (p < 0,001) stayed significantly longer in hospital. Patients with SRNS had frequent complications (p = 0.004), such as bacterial infections (p = 0.013), AH (p < 0.001), UTI (p < 0.001) and ARF (p = 0.007). Children with a focal segmental glomerulosclerosis (FSGS) had significantly more complications (p = 0.04); specifically bacterial infections (p = 0.01), UTI (p = 0.003) and AH (p < 0,001). Steroidresistance was more common in patients with UTI (p < 0.001) and in patients with ARF (p = 0.007). Furthermore, steroid-resistance (p < 0.001) and FSGS (p < 0.001) were more common in patients with AH. Conclusions: This nationwide, largest German study presents results on the clinical course of children with NS considering a diverse range of complications that can occur with NS. The establishment of a region-wide and international pediatric NS register would be useful to conduct further diagnostic and therapy studies with the aim to reduce the complication rate and to improve the prognosis of NS, and to compare the data with international cohorts.
Background
Although nephrotic syndrome (NS) is rarely observed in the general population, it is one of the most frequent chronic kidney diseases in childhood. There have been a number of epidemiological studies focusing on childhood NS and it has been shown that the incidence in childhood varies worldwide. In Germany, the reported incidence of NS is 1.2-1.8 per 100,000 children per year [1] in comparison to 3-3.5 per 100,000 children living in Paris and the surrounding area [2] and to 6.49 per 100,000 children per year in Japan [3] .
However, only few studies focus on epidemiological data, i.e. clinics at onset, hospital duration and complications in patients with primary (PNS) and secondary NS (SNS). This epidemiological study continues and examines the clinical course and management of childhood NS in our large ESPED (Erhebungseinheit für Seltene Pädia-trische Erkrankungen in Deutschland/ survey unit for rare pediatric diseases in Germany)-based German cohort.
Methods
We performed an epidemiological study through an ESPED-based survey from 01. ESPED received a notification of all patients with NS from each hospital and returned to the reporting hospital a questionnaire regarding the patient's data, history and any complications (Additional file 1). The questionnaire was completed and sent then back pseudonymously to ESPED in Düsseldorf/Germany. The questionnaire was designed by the Society of Pediatric Nephrology (Arbeitsgemeinschaft für Pädiatrische Nephrologie, APN) in accordance with the German data protection laws. All analyzed data involving human participants were in accordance with the ethical standards and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Ethical approval was obtained by the Faculty of Medicine, Rheinische Friedrich-Wilhelms-University, Bonn/Germany Ethics Committee and the study was assigned the human study registration number 081/05. The data extraction and analyzes were performed pseudonymously. Additionally, a telephone survey with pediatricians and nephrologists in the zip code area beginning with 5 in Germany was conducted to identify any possibly missed notification to ESPED [1] . Caregivers provided written informed consent for the patient's inclusion in the study. All patient's families gave their written informed consent to their inclusion in the study.
Statistics
Statistical analyses were conducted using IBM® SPSS version 18.0 (NY, USA). t-tests were used for two independent samples and a One-way ANOVA for more than 2 independent samples was used. The significance level was set at p < 0.05. The department of statistics provided epidemiological data used to calculate the incidence of NS. The reported data was given as mean ± Standard Deviation. Comparisons of categorial variables were performed using the Chi-square and Fisher's Exact tests. Missing values were excluded from the statistical analysis.
Results

Primary nephrotic Syndrome
Description of patients 347 children were recruited for the present study in the period of 2 years. 326 patients (93.9%) had a primary (idiopathic) NS. Nineteen patients (5.5%) had SNS (for 2 patients the form of NS was unknown). The average age of the study sample was 5.5 ± 3.7 years (n = 346, the age for one patient was unknown). 10.5% of the children were of Turkish origin and represents the largest ethnic minority of the study cohort (n = 36). Within the study sample, totally 282 patients (81.3%) had a steroid-sensitive nephrotic syndrome (SSNS) and 51 steroid-resistant nephrotic syndrome (SRNS). Twelve patients did not have steroid therapy, for which the reasons are not known and for 2 patients, it is unknown if they received steroid therapy. The incidence of SSNS was 1 per 100,000 and of SRNS was 0.2 per 100,000 children < 18 years in Germany (Table 1) [1] . 
Complications of NS
After the onset of NS, one or more complications arose in 106 patients (30.5%). Twenty-eight patients had acute gastroenteritis, 22 patients had a lower airway tract infection (LRTI), 15 patients suffered from acute renal failure (ARF), 34 from hypothyroidism and 34 patients had arterial hypertension (AH) at onset of NS (Table 2) .
Furthermore, 41 patients had bacterial infections, 40 patients had viral infections and 61 children had viral or bacterial infections. Ten patients had both viral and bacterial infections. The difference in length of stay for patients with viral and bacterial infections, either viral or bacterial versus no viral or bacterial infection was significant (Fig. 1) .
The mean age of children with bacterial infections was 4.5 years compared to children with no bacterial infections or no infection at all (5.6 years; p = 0.067). The mean age of children with viral infections was 4.8 years compared to children without viral infections (5.6 years).
Patients with a LRTI (average age 4.1 years) were significantly younger than patients without LRTI (5.6 years; p = 0.014). LRTIs were less frequent in children of German origin in comparison to children with other ethnic origins (p = 0.026). Similarly, children with an urinary tract infection (UTI) were on average 3.3 years old and were younger than children who did not have an UTI (M = 5.6 years; p = 0.084). These patients with UTIs had no congenital anomalies of the kidney and urinary tract. Specifically, children with an UTI (p < 0,001), varicella zoster virus (VZV) infection (p = 0,032), ARF (p < 0,001) and AH (p < 0,001) stayed significantly longer in hospital than children without these complications. Complications occurred more commonly in patients with SRNS than in children with SSNS (p = 0.013). In 65% (69 patients, n = 106) of cases, children with complications were of German origin, and 33% (35 of 104 patients) of cases were of other ethnic origins and the ethnic origin of 2 (2%) patients was unknown. 67.4% (161 of 239 patients) of German patients had no complications. Steroid-resistance was more common in patients with UTI (p < 0.001) and in patients with ARF (p = 0.007). Furthermore, steroid-resistance (p < 0.001) and focal segmental glomerulosclerosis (FSGS) (p < 0.001) were more common in patients with AH.
Seventy-six (22%, n = 343) patients had kidney biopsies, with 31.4% of patients with at least complication and 18.1% of patients without complications having biopsies (p = 0.006). Patients with an UTI were more likely to have a histological examination than patients without an UTI (p = 0.001). Also, patients with ARF had frequently more kidney biopsies than patients with a normal renal function (p = 0.001). Children who were diagnosed with AH at NS onset were also more likely to be biopsied than those patients who had blood pressure values within the normal range (p < 0.001). Over half of all patients with AH were biopsied (18/34, 52.9%), whereas 18.8% (58/309) of children without AH were biopsied.
Seven (30%) of the 23 patients with histologically confirmed FSGS had bacterial infections. Ten percent of patients without FSGS had bacterial infections, indicating children with FSGS were more likely to have bacterial infections (p = 0.01). More specifically, an increased number of UTIs were diagnosed in patients with FSGS (p = 0.008) and, significantly more patients with FSGS had AH (p < 0.001) ( Table 3) .
In comparison to patients with minimal-change-glomerulonephritis (MCNS, both biopsy-confirmed or assumed), patients with FSGS had significantly more complications (p = 0.04), specifically bacterial infections (p = 0.01), UTI (p = 0.003) and AH (p < 0,001).
Furthermore, ARF was tendentially more frequent in histologically diagnosed MCNS patients than compared to non-biopsied children (p = 0.056). Of the 19 patients with SNS, 9 patients had complications, 10 patients had no complications. Of the patients with PNS (n = 326), 96 patients had complications and 230 patients had no complications (p = 0.099) Three patients with SNS had a tonsillitis, these 3 patients had a bioptically proofed poststreptococcal glomerulonephritis. In total, 6 patients had a tonsillitis. Thus, 50% of the patients with SNS had significantly more tonsillitis than PNS (p = 0.003). All other complications, in contrast to patients with PNS, did not occur significantly more or less frequently in patients with SNS (Table 3) . The current guidelines recommend, that children with SSNS should not undergo a biopsy. In our study cohort, a biopsy was conducted in 76 patients (21.9%; n = 347). 31 patients had MCNS and 23 patients had FSGS. In addition, 5 patients had diffuse mesangial sclerosis (DMS) and further 5 children had Henoch-Schönlein purpura (HSP). Three patients had histopathologically an IgA-Nephritis; mesangioproliferative GN was diagnosed in 2 patients, and each one patient suffered from an immune complex nephritis, membranoproliferative GN, MGN Type 2 and diffuse proliferative GN. For 3 patients, the histo-pathology is unknown. When patients without biopsies but with SSNS are added, the estimated incidence of MCNS is then 85.5%. Patients who underwent a biopsy were significantly older than patients without the biopsy (6.7 years versus 5.2 years, p = 0.011).
The comparison of the average age of patients with MCNS, FSGS, DMS, HSP and IgA nephropathy revealed a significant difference (p = 0.002). Children with DMS were averaged 1.3 years younger than those patients with a MCNS (p = 0.015), FSGS (p = 0.029) and HSP-nephritis (p = 0.037). More children beyond the age of 10 years had a histo-pathologically confirmed FSGS compared to children < 10 years of age (p = 0.029). Of the 76 histo-pathologically examined patients, FSGS was commonly more present in girls (n = 15) in comparison to boys (n = 8; p = 0.021). The ALOS was significantly longer for children with FSGS compared to all other patients having NS (27.7 d; p = 0.001). Analyzing the data of the biopsied patients, 49 (65.3%) children were steroid-resistant and 22 children were steroid-sensitive (29.3%). 22 patients with FSGS at onset were steroid-resistant (95.7%), only one patient with FSGS (4.3%) initially had SSNS [1] .
Average length of stay
The Average length of stay (ALOS) was 15.5 ± 11.2 days (Median: 12.0 d) [1] . Twenty-five percent of the children had a length of stay of 9 days and less and 25% were hospitalized for more than 18 days. Seven children were treated as outpatients, or rather daily in-patients (length of stay = 1 day) (Fig. 2) . The ALOS of children of 2 years and less was 19.3 d, which is significantly longer than for children aged 3 years and older (14.2 d, p = 0.004). Furthermore, the ALOS increased in older children, with children aged 12-14 years staying an average of 16.8 d and children aged 15-18 years staying an average of 20.1 d. A significant difference between the age groups is shown between 0 and 2 years-old and 3-5 years-old (p = 0.021), the 0-2-years-old and 6-8-years-old (p = 0.003) and the 0-2-years-old and the 9-11-years-old (p = 0.022) (Fig. 2) . The ALOS in hospital for boys was 14. 
Secondary nephrotic Syndrome
Nineteen patients (5.5%) had SNS (n = 347). Of these, 8 patients developed SNS due to HSP, 5 patients had SNS in the course of an acute streptococcal infection, 3 patients had a glomerulonephritis with a nephrotic component, in 1 patient NS occurred in the realm of Hepatitis C (HCV), in 1 patient due to Epstein-Barr virus, and in 1 patient due to a Parvo-Virus B 19 infection.
The average age of patients with SNS was 6.3 years in comparison to 5.5 years for patients with PNS. Table 4 shows the gender distribution of patients with SNS. 77.8% of patients with SNS were of German origin, 22.2% had other ethnic origins. Comparatively, 66.4% of patients with PNS were of German origin and 33.6% had other ethnic backgrounds.
The ALOS of patients with SNS was 13.8 d, while the children with PNS stayed in hospital an average of 15.6 days. 21.1% of patients with SNS had SRNS, 42.1% had SSNS, 36.8% of patients received no steroids. In comparison, 14.5% of patients with PNS had SRNS, 84.0% had a SSNS, and only 1.5% were not treated with steroids. Significantly more children with PNS were treated with steroids than children with SNS (p < 0.001).
Among the patients with PNS, a histological sample was taken from 68 of 323 (21.1%) patients. Five patients with SNS had a histologically confirmed HSP nephritis, 1 patient had an immunocomplex nephritis with Parvo-Virus-B 19 infection, and one patient had a diffuse proliferative glomerulonephritis due to HSP.
Discussion
Although one of the rarer diseases in children, NS is not unknown among the vast majority of physicians in many countries, including Germany. Literature about the epidemiology and incidence of NS vary, depending on the country and the ethnic origin of the children.
In the present study, children less than 3 years of age stayed significantly longer in hospital at onset than older children, most likely due to the higher rate of bacterial infections. Interestingly, the ALOS increased for children over 12 years of age (Fig. 3) possibly due to the fact, that the complication rate in this age group is higher compared to the other age groups. Furthermore, the ALOS of girls was 16.0 days slightly compared to boys with 15.0 days, although girls were more likely to have SRNS and FSGS. Schlesinger et al. also examined the length of stay in hospital for patients with NS. In comparison, the ALOS was 27.1 days with a median of 19 days. Notably, male patients had an ALOS in hospital twice as long as female patients, and children with dark skin had three times longer hospital stay than children with light skin. Over the past years, there is a trend indicating that the average number of days in hospital decreases [4] . One reason for the increase in the ALOS is that steroid resistance is more present in older aged children. Ethic differences in the ALOS have also been reported [1, 5] .
Complications arise for some patients with NS. For 106 patients (30.5%) in the current cohort complications arose, of which 66.3% of the children were of German origins and 33.7% were of other ethnic origins. Ethnic differences in the appearance of onset of SSNS and SRNS or MCNS and FSGS have been found in the literature worldwide, especially between light-and dark-skinned children. Many authors have already shown that African and African-American children were more likely to have FSGS or SRNS than Caucasians [6] [7] [8] [9] . Hispanic-American children in New York were more likely to have FSGS than Caucasians and as often as African-American children [7] . Furthermore, in a study by Bonilla-Felix et al., Hispanic-American children in Houston had a lower incidence of FSGS than AfricanAmerican and Caucasian children [6] .
The rate of infections also appears to differ across population groups. In a population study from Paris and its surrounding areas, 8% of all patients with NS had bacterial infections that required treatment with intravenous antibiotic therapy. The most frequent infection was peritonitis, followed by pyelonephritis and pulmonary infection [10] . Peritonitis was rarely seen in our study with 0.9%. However, in line with the Paris and surrounding, bacterial infections in patients with SRNS were seen more often than in patients with SSNS. In comparison, in India 39% of patients had infections. The most common infection was upper respiratory tract infection (URTI) (13.7%), followed by lung tuberculosis (10.4%) and peritonitis (9.1%). In a study by Yap et al., children with steroid-dependent NS in Singapore were more likely to have an URTI [11] and Alwadhi et al. reported that 70.6% of children with NS in India had infections, mostly UTI and empyema [12] . Moreover, Ibadin et al. also reported that 44.8% of patients with NS had a UTI [13] however, only 2.3% of our patients in the present study had a UTI. An UTI occurred significantly more frequently in patients with SRNS or FSGS. Children with a LRTI in the present cohort were significantly younger than those without LRTI. The overall trend is that children with bacterial infections are younger. Also, the number of the infections was mostly associated to the number of relapses of NS [14] .
Complications in children with intrauterine growth restriction (IUGR) were significantly higher and multiple studies have also reported about the association of SRNS and AH in children with IUGR [15] [16] [17] . Children with NS and IUGR were reported to have pneumonia, peritonitis and AH more frequently [15] . Arterial hypertension was observed in 34 of our patients (9.8%), who often had SRNS and FSGS, although no patient in this cohort had IUGR. Davutoglu et al. similarly reported that children with AH were frequently more steroid-resistant [14] . Importantly, AH has rarely been observed in children with MCNS [18] but was more common in children with FSGS [19] .
Interestingly, hypothyroidism was present in 17 (4.9%) of the cases in the present study. An untreated NS is mostly associated with a hypothyroidism due to the renal loss of TGB, fT3, fT4, T3 and T4 [20] . In total, there is limited literature investigating the relationship between renal disorders and hypothyroidism, with the majority of the literature only describing specific cases. However, in a recent study from India, renal biopsy findings from patients with previously diagnosed hypothyroidism were examined. Of the 16 patients with hypothyroidism, 7 (43.75%) patients had membranous glomerulonephritis (MGN), 4 patients (25%) had both mesangial cell proliferation and MGN. A further 4 cases (25%) had FSGS with chronic interstitial nephritis and only one patient had MCNS. These results also demonstrate hypothyroidism is a common diagnosis presented in patients with NS, in consideration, that 81.25% of patients of the Indian study had NS, and predominantly MGN [13] . It is possible that complicated courses of NS also influence the hormonal status of a patient due to the loss of the thyroid hormones. Further studies are required to establish the relationship between a severe clinical course of NS and hypothyroidism. Thus, physicians should take the thyroid gland into consideration during their diagnostics and therapies of patients with an onset of NS.
In this cohort, ARF was more common in steroid-resistant children than the steroid-sensitive children. At initial onset, 15 patients (4.3%) developed ARF and FSGS did not occur more frequently in these patients. In some studies, this number has been as low in Poland and Nigeria (0.8-1.7%) [21, 22] , however in India 17.5% of biopsied patients had ARF at the initial onset of NS [23] . These differences may most likely be explained by the composition of the patient groups.
Furthermore, 22 patients were diagnosed with FSGS and only one patient with FSGS initially had SSNS. It has been previously shown that 75% of steroid-resistant NS patients had FSGS [24, 25] . However, Nammalwar et al. reported that 32.9% of all patients with SRNS had FSGS in their study [26] .
Naturally, complications can extend the ALOS in hospital. Children with SRNS stayed significantly longer in hospital (25.2 days) than children with SSNS (on average 13.3 days). This may be attributed to the more difficult therapy and the occurring complications observed in patients with SRNS. Except for one child with SRNS (presented with congenital nephrotic syndrome), all steroid-resistant children were biopsied in our study which can also prolong the ALOS.
North American and European literature show that over 90% of children with NS have idiopathic NS [27] . Similar results were found in our study; 93.9% of children had primary NS and 5.5% had SNS, mostly due to HSP. HSP has also been reported to the predominant reason for secondary glomerulonephritis in children in Croatia and Korea [28, 29] ]. In most of the cases, HSP nephritis was associated with isolated hematuria, whereas NS was the exception [30, 31] . Coppo et al. reported that 35% of children with HSP developed a NS, although only 24.3% adults developed NS. The male to female ratio in children with HSP was 1.44: 1 [32] . Counahan et al. reported that a nephritic and nephrotic component seen in HSP were mostly associated with a poorer diagnosis [19] . In the present study, the second most frequent cause of SNS was a streptococcal infection. In the literature, NS is rarely observed in post-streptococcal glomerulonephritis, although proteinuria has frequently been seen [33] [34] [35] . A link between the presentation of NS and a poor long-term prognosis has previously been shown [35, 36] . Al-Rasheed et al. reported that 60% of patients with bioptically confirmed HSP nephritis had NS, but no patient had a histologically confirmed post-streptococcal GN [35] . Choi et al. reported that in Korea that 0.9% of 213 children with NS had a post-streptococcal GN [29] compared to the current data, where approximately 1.8% of patients had poststreptococcal GN.
On the other hand, the pathogenesis of PNS and SNS is very different in Africa. Infectious diseases such as Human Immunodeficiency Virus (HIV), HCV, malaria, syphilis, schistosomiasis and tuberculosis have been reported to be the main causes of NS [37] [38] [39] . In South Africa, for example, Hepatitis B virus (HBV) was the most frequent cause of NS [23, 40] . Buuren et al. reported that 29 out of 70 children in Namibia with NS were HBV carriers, and 2 patients had syphilis [41] . Interestingly, almost all HBV-positive children showed MGN by histology. In South Africa, the rate of MGN was 20% and mostly associated with HBV; and regional differences reported (e.g. 13.5% in Johannesburg and 40.2% in Durban). FSGS was also common and 40% of FSGS children were previously treated due to a tuberculosis infection and only one patient was HIV positive [42] .
In West and East Africa, however, Malaria was commonly associated with NS [43] . Anochie et al. reported that 60% of patients from Nigeria with NS were infected with Plasmodium falciparum, two patients had HIV, one had tuberculosis, and one patient had a sickle cell anemia. No patient was HBV positive [44] . In a study by Eke and colleagues, 13 of 102 patients with NS had Plasmodium malariae, 9 patients had HBV, and 2 had sickle cell anemia [45] . This number was even up to 38.7% of all children with NS, 13.3% had a sickle cell anemia [46] .
Beside the clinical aspects, NS is mostly associated with considerable costs and presents a burden for the health care system. It is particularly characterized by a considerable hospital stay. On average, the costs of one patient with an onset of NS (DRG; ICD-10 for N04.0 -N04.9) are approximately 1200 € (multiplicated with 347 patients = 416,400 €, without complications and longer hospital stay due to other factors in Germany). Thus, depending on the kind of complication, the costs can be significantly higher.
In summary, the present epidemiological study is the largest study of this kind in children with NS with previously performed studies mostly being based on a smaller patient cohort and smaller geographical areas. Briefly, throughout the 2-year duration of the study, data for 347 patients was evaluated. The study provides answers to various epidemiological questions, in particular, regarding SNS, complication rates and the ALOS in relation to patients' gender, ethnicity and age in Germany. The data is novel in both its quality and quantity. To date, we are not aware of a similar study with a similar cohort (14 million inhabitants < 18 years in Germany). Whilst the study was conducted several years ago, recently published data on a nationwide level and with a large patient cohort regarding NS does not exist, particularly in Germany. Furthermore, this study can also provide a historical insight into the clinical course and management of childhood NS.
Conclusion
In consideration of the present result, there is a diverse range of complications that can occur with NS. Epidemiological and clinical data of NS in childhood, especially in Germany and in many other countries is limited. Through this large nationwide ESPED-study, novel and interesting data from children with NS in Germany has been gathered and provides a better understanding on NS in childhood and its complications. This study presents a first step for further multicenter studies with extended cohorts to better understand this actually rare but mostly observed nephrological diagnosis in childhood. 
